(1) Background: The Teacher and student community plays an important role in students' academic development. Previous studies showed that students' academic success is influenced by their social relations in school. This study extended to use a mix of social network analysis and survey methodology to understand how eighth-grade students' network and perceived teacher's support relate to their academic motivation. (2) Methods: A total of 95 eighth graders with the same teacher in a middle school in the southeastern United States were recruited. (3) Results: Results showed that the number of friendship nominations received (i.e., in-degree), degree centrality and betweenness centrality significantly correlated with higher academic motivation. In addition, a regression model analysis showed that perceived teacher's support, together with more friendship nominations, predicted higher academic motivation.
Introduction
Social relations play a significant role in students' academic success [1, 2] . As the bioecological model states [3] , children's immediate context greatly influences their mental development. In the context of middle school students, the teacher and student community is particularly important in motivating students to achieve [4] , as students spend most of their time interacting with people in the school community, including their classmates and their teachers. Therefore, the purpose of this study was to understand how a supportive (or non-supportive) teacher-student community was related to academic motivation using a mix of survey and social network analysis design.
Social Relations, Teacher's Support and Academic Motivations
Previous research generally supported the relations between positive school environment and academic motivation [5, 6] . For example, in a longitudinal study over a 10-week period [7] , children who were rejected by peers were found to have more difficult adjustment issues, were more likely to avoid school and engaged less in classroom participation. The reason behind this relation was probably that students who were rejected might also receive more maltreatment, such as bullying. These negative experiences then kept these rejected students from engaging in learning. In other words, a negative school environment and negative relations greatly reduced student victims' motivation to come to school and learn. On the other hand, in a study looking at sixth-grade students, peer acceptance was found to be positively related to academic achievement [8] . Specifically, students who were accepted (i.e., high in reciprocated friendship and peer acceptance) were found to experience more positive emotions (i.e., less distress), and lower level of distress was related to higher GPA. This study showed that higher academic achievement could be a result of good social relations experienced in the classroom.
Looking at belongingness instead of merely social relations, in a one-year follow-up longitudinal study [9] , fifth-grade students' school belongingness was found to relate to their achievement goal orientation. In a similar study, college students' social relations and attachment to the school were also found to relate to academic motivation [10] . Focusing on social competence (a measure of social relations), a longitudinal study found that second-grade students' social competence, rated by peer, predicted their academic achievement in the third grade [11] . In other words, when students felt accepted as members of the school community, their motivation to succeed increased.
Similarly, a teacher's support was also found to play an essential role in students' academic motivation [12] . For example, looking at third to fifth-grade students, a study found that teacher's autonomy support (i.e., support that is not controlling) across a school year predicted children's motivation and experiences in learning in the classroom [13] . In another study looking at older students (around 14-19 years old), autonomy support from teachers was significantly related to students' intrinsic academic motivation [14] .
This study extended previous findings to look at the relations between middle school students' academic motivation and support received from their immediate classroom community, that is, classmates and their teacher. A mixed of social network and survey approaches was adopted to test the relations between such support and academic motivation. To eliminate confounding and to set a boundary for the size of the social network, this study focused on a specific middle school science classroom where all eighth-grade students were taught by the same science teacher.
Social Network Indices, Classroom Community and Academic Motivation
Social network methodology allows researchers to examine the role of popularity in a certain network (e.g., how often a student was nominated by other students as the best friends) in human behaviors. A typical classroom social network strategy involves asking students to nominate their best friends. In a directed social network model, the friendship that a student nominates is referred to as an outgoing link, while the friendship nominations the student receives from other students are called the incoming links. By using these incoming and outgoing links to compute various social network indices, students' level of positive interactions or supports experienced in the classroom can be measured.
In this study, we employed six commonly used social network indices to examine how students' social relations in the classroom relates to their academic motivation. These include in-degree, out-degree, degree centrality, betweenness centrality, closeness centrality and PageRank centrality. In-degree is the number of incoming links, i.e., friendship nominations a student receives. It indicates how popular the student is. Out-degree is the number of outgoing links, i.e., friendship nominations a student makes. Degree centrality takes into account both in-degree and out-degree and provides an estimate of how central or how important a node (i.e., a student) is in the network [15] . In-degree, out-degree and degree centrality examines a node's local influences in their immediate relations (i.e., a student immediate friends' circle), other centrality looks at a node's influence in the whole network. For example, betweenness centrality examines how many times a node appears on the shortest paths in a network [16] . In other words, how often a person acts as a bridge connecting people in the network. Similarly, closeness centrality takes into account a node's distance to all other nodes in the network [16] . In other words, closeness centrality in this study is the sum of the number of relationships it takes for a student to connect with other students in the class. Finally, PageRank, or Google's PageRank, is an algorithm that takes into account both the number and quality of incoming links (i.e., the links' connections) [17, 18] , instead of just counting the number of incoming links of the nodes. Among these indices, in-degree and PageRank centrality take into accounts incoming links only, while the other measures take into both incoming and outgoing links.
All these social network indices point to how much support a student received from their classroom community. As mentioned earlier, previous research found that perceived social support related to students' academic motivation. Similarly, it was hypothesized that these social network indices would positively correlate with students' academic motivation (hypothesis 1).
In addition, it was hypothesized that students' support from classmates (indicated by in-degree or number of nominations from other classmates) and perceived teacher's support would predict students' academic motivation (hypothesis 2). Only one social network index was selected because the social network indices are usually highly correlated, and in-degree (number of classmate nominations) is one of the most representative of immediate, first-degree support received from classmates. Perceived teacher's support (i.e., survey instrument) was chosen instead of a social network methodology, as it is difficult, if not impossible, to study a student-teacher social network. Therefore, it is more feasible to ask students their perception of support received from their teacher (e.g., how much they think their teacher cares about them). It is thus hypothesized that in a classroom, the support students received from their classmates (indicated by the in-degree computed through social network analysis) and perceived teacher's support would positively predict their academic motivation (hypothesis 2).
Materials and Methods

Sample and Procedure
Data were collected from eighth-grade science classroom in a middle school located in the southern United States. All the students were taught by the same teacher. Parental consent of all participants was obtained before the survey. Students then participated through an in-class online survey. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of University of Louisiana at Lafayette (FA17-28 EDCI).
A total of 95 students from five different sessions was recruited to participate an in-class online survey. One student was eliminated because of incomplete data. Among the remaining sample, 41 were female (43.6%), and 50 were male (53.2%). Three of them did not state their gender. Most of the participants were Caucasian (n = 52, 55.3%), followed by African American (n = 34, 36.2%), multiethnic (n = 5, 5.3%), Asians (n = 2, 2.1%) and Hispanic (n = 1, 1.1%). Most of the students identified their family as middle class/sufficient family (n = 74, 78.7%) and upper class/wealthy (n = 10, 85.1%). Two students (2.1%) reported that their family socioeconomic status was lower class/poverty and eight other students (8.5%) did not report their family socioeconomic status.
Measures
Social Network Measurement
Students were asked to nominate five students who were their best friends. They were then provided a space to write. Most students listed five students; however, some listed none and several others listed six students. Students nominated 122 students. Among them, 27 students were not participants of the survey. Those data were counted as incoming links in the social network analysis. However, since they did not take part in the study, they were not taken into accounts in the hypothesis testing.
Academic Motivation
Academic motivation was measured using a shortened version of an academic motivation scale used in a previous study [10] . The measurement consisted of three items. Sample items include, "I put much effort into the classes I take at school", and "I'm really excited about the classes I am taking now at school." Students then rated the item on a scale from 1 (strongly disagree) to 5 (strongly agree). Scores were averaged to form a mean. Cronbach's alpha for the scale is 0.55. Although the alpha value was less satisfactory, previous studies showed that values above 0.50 or close to 0.60 showed acceptable reliability in social science research [19, 20] .
Perceived Social Support from the Class Teacher
Perceived social support from the class teachers was measured by the subscale of the Children and Adolescents Social Support Scale Level 2 (CASSS-2) [21] . The 6-item scale was validated to measure perceived support of adolescents from 6th to 12th grade. Sample items were "My teacher cared about me when I needed it," "my teacher understood me," and "my teacher helped me solve problems when I needed it." Participants rated these items based on how much they agree with these statements from 1 (strongly disagree) to 5 (strongly agree). Cronbach's alpha of the scale was 0.88, which was similar to previous studies [21] . Scores were averaged to form a mean score.
Results
Social Network Analysis
First, the sample's social network was analyzed using Gephi 0.9.2 [22] , an open-source software developed initially by University of Technology of Compiègne, France and managed by Gephi Consortium (https://gephi.org). The average degree of the network was 3.42, indicating that there were, on average, more than three friendships per student. Average in-degree of the network was 3.72, indicating that students, on average, were nominated by less than four other students. Average out-degree of the network was close to 5.00, as students were asked to nominate five of their best friends. The network diameter was 9.00, indicating that the farthest points were separated by nine relationships in between. The average path length was 4.18, indicating that the average distance between a node and their most distant nodes was about four links. The graph density was 0.03, indicating that the network was far from complete. In other words, not all possible edges were connected. Students did not seem to be all connected to one another. Modularity, an algorithm of detecting community network, was computed using resolution 1.0 and randomization [23, 24] . Seven communities were identified, as shown by the different colors of edges in Figure 1 . Each community had 11-22 members. The communities were not significantly different in academic motivation or perceived teacher's support. The average clustering coefficients were 0.19. Perceived social support from the class teachers was measured by the subscale of the Children and Adolescents Social Support Scale Level 2 (CASSS-2) [21] . The 6-item scale was validated to measure perceived support of adolescents from 6th to 12th grade. Sample items were "My teacher cared about me when I needed it," "my teacher understood me," and "my teacher helped me solve problems when I needed it." Participants rated these items based on how much they agree with these statements from 1 (strongly disagree) to 5 (strongly agree). Cronbach's alpha of the scale was 0.88, which was similar to previous studies [21] . Scores were averaged to form a mean score.
Results
Social Network Analysis
First, the sample's social network was analyzed using Gephi 0.9.2 [22] , an open-source software developed initially by University of Technology of Compiègne, France and managed by Gephi Consortium (https://gephi.org). The average degree of the network was 3.42, indicating that there were, on average, more than three friendships per student. Average in-degree of the network was 3.72, indicating that students, on average, were nominated by less than four other students. Average out-degree of the network was close to 5.00, as students were asked to nominate five of their best friends. The network diameter was 9.00, indicating that the farthest points were separated by nine relationships in between. The average path length was 4.18, indicating that the average distance between a node and their most distant nodes was about four links. The graph density was 0.03, indicating that the network was far from complete. In other words, not all possible edges were connected. Students did not seem to be all connected to one another. Modularity, an algorithm of detecting community network, was computed using resolution 1.0 and randomization [23, 24] . Seven communities were identified, as shown by the different colors of edges in Figure 1 . Each community had 11-22 members. The communities were not significantly different in academic motivation or perceived teacher's support. The average clustering coefficients were 0.19. Friendship network of the sampled middle school students. The colors of the edges (lines) indicated the modularity of the nodes, i.e., the community. The size of the nodes indicated the in-degree of the nodes, i.e., how often a node (a student) was being nominated as friends of another node (student).
Relations between Social Network Indices and Academic Motivation
To test hypothesis 1, the social network indices (in-degree, out-degree, degree centrality, closeness centrality, betweenness centrality and PageRank centrality) were computed for each participant using Gephi 0.9.2 [22] . The correlations between the indices and academic motivation were reported in Table 1 . In addition, correlations between these variables and demographic variables (gender, race and socioeconomic status), and between social network indices and perceived social support from the class teacher were computed. However, none of the relationships were significant. For simplicity, the correlation coefficients were not included in Table 1 . As shown in Table 1 , academic motivation was significantly related to indices that measure incoming links, that is, in-degree and PageRank centrality (marginal). Specifically, the more nominations a student got, the higher the student's academic motivation was. Degree centrality, which takes into accounts both number of incoming and outgoing connections, was also significantly and positively related to students' academic motivation. In addition, betweenness centrality was also found to relate positively to academic motivation. This means that the more frequently a student appears on other students' shortest paths (i.e., serving as a bridge to connect other students in the network), the higher their academic motivation. The results generally supported our hypothesis that higher popularity (i.e., more student community support) was associated with higher motivation to achieve academically.
Testing the Hypothesized Model (Hypothesis 2)
Before the regression model analysis, Pearson's correlation coefficients were computed for all the tested variables, as shown in Table 2 . As expected, perceived teacher's support was not related to classmate nominations (in-degree). Academic motivation was related to both classmate nominations (in-degree) and perceived teacher's support. The demographic variables (gender, race and socioeconomic status) was not related to any of the tested variables. Table 2 . Pearson's correlation coefficients of the tested variables ( # p < 0.10, * p < 0.05, *** p < 0.001). Race/ethnicity was recoded as White vs. non-White. Socioeconomic status measured students' perceived family social class. It is a 3-step measure that includes lower class/poor, middle-class/sufficient, and upper class/wealthy. A linear regression analysis using bootstrapping method (r = 5000) was performed to test whether students' school community, represented by their classmate nominations and perceived teacher's support in a science classroom, predicted their academic motivation (hypothesis 2). R 3.5.0 [25] and the package boot [26] were used to perform the analysis. As hypothesized and as shown in Table 3 , the number of classmate nominations or in-degree (B = 0.08, S.E. = 0.03, t = 3.02, p = 0.003, 95% CI [0.03, 0.14]) and perceived teacher's support (B = 0.50, S.E. = 0.08, t = 5.96, p < 0.001, 95% CI [30, 0.68]) positively predicted academic motivation. In other words, the more popular a student was in the science class, the higher the self-report academic motivation. Similarly, higher perceived teacher's support predicted higher academic motivation. R 2 of the regression model was 0.39, showing that these variables explained almost 40% of the variance of academic motivation. Model with only the two school community variables (students' support and teacher's support) accounted for 32% of the total variance of academic motivation. This result indicated that these two school community variables, a social network in students' school community and perceived teacher's support, are important predictors of students' academic motivation. Table 3 . Linear regression model results using bootstrapped method (r = 5000). The reference group of students' perceived family socioeconomic status was lower class. 
Discussion
Our results showed that three out of six social network indices were positively associated with eighth-grade students' academic motivation in a science classroom. Specifically, in-degree and degree centrality, which represented students' immediate friendship network, were found to relate to higher academic motivation. In other words, the number of students' friendship nominations was positively associated with students' academic motivation. In addition, betweenness centrality, which represented students' importance in connecting the whole classroom network, was also found to relate to students' academic motivation positively. Therefore, our social network analysis showed significant relations between academic motivations and students' friendship network in the class. Students who seemed to be more popular (and thus supported) in the classroom were found to have higher academic motivation. The result is consistent with other similar studies [27] [28] [29] . However, an earlier study found that neglected students (i.e., those that have less or no friendship nominations) had better grades than average students did [1] , in a sample of sixth and seventh graders. The discrepancy may be due to the differences between academic motivation and actual grades. Popular students may feel more motivated to go to school and participate in the classroom, but they may, at the same time, participate in many other friendship activities and may not necessarily have time to study for tests. However, this is a speculation that requires further studies. Future studies can examine the relationship among academic motivation, grades, and moderating factors, such as the number of extracurricular activities and time spent on studying.
In addition to the social network indices, we also examined the role of the whole classroom community (i.e., classmates and teacher's support) on students' academic motivation. Our results showed that the number of students' friendship nominations and perceived teacher support together predicted students' academic motivation, after controlling for gender, race and socioeconomic status. The two variables explained almost one-third of the variance of students' academic motivation, showing that the two variables are important predictors of students' academic motivation. The other social network indices were not included, as the indices were highly correlated and could cause multicollinearity problems. Therefore, only one of the most representative index, in-degree (number of students' nominations), was included in the regression model. Despite the inability to include all the indices, our results showed that students' popularity and perceived teacher's support both played significant roles in motivating students to learn.
The study was not without limitations. First, to simplify the survey for middle school students, we were not able to include more in-depth survey instruments. The social network prompt was also designed to be brief. Therefore, we only asked students to name five of their best friends in class. Although previous studies showed that students nominate a similar number of friends [28] , some other studies found that students could name about 10 friends from a class [29] . The advantage of limiting students to name a small number of friends is that students will name students that are the closest to them. In the context of this study, limiting students to five friends allows us to know who their closest friends are. However, the disadvantage is that researchers are not able to understand the complete friendship network. Second, to limit our investigation in a specific science classroom in a middle school, we only examined one grade taught by one teacher. Therefore, we were not able to look at the student-teacher social network. Instead, we only asked students to report their perceived teacher's support. Future studies may look at a bigger network with multiple students and teachers' relationships. Third, our sample size is not sufficiently large. Therefore, this study should only be considered as preliminary. Future studies should increase sample size and make use of mixed method studies (e.g., interview and focus groups) to replicate the findings.
Despite the limitations, our study successfully extended previous studies to look at how social network indices and friendship nominations (instead of self-report social relations scale) are related to eighth-grade students' academic life. In addition, a teacher's support appeared to be another important factor in motivating students to learn. Therefore, schools may pay more attention to the development of positive social relations among students, as well as improving teacher-student relationships.
